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This paper presents a historical assessment of morbidity due to the Schistosoma japonicum infection in China. Due
to the socio-economic situation, which did not allow for a control program to be implemented until the early
1950s, morbidity was serious and mortality was high before this. Based on a few investigations and published
papers, it can be said that the disease caused millions of deaths, and destroyed numerous families and villages.
Since the 1950s, there has been a national control program, intensive control and prevention work has been carried
out, and consequently the disease is being controlled. At present, both the prevalence and the morbidity of the
disease have been decreasing substantially. The morbidity of the three phases of the disease is outlined in this
paper. Comparatively higher morbidity is seen in the acute and advanced phases of the disease. The four major
forms of advanced schistosomiasis i.e., ascites, megalosplenia, dwarfism, and colonic tumoroid proliferation, are
outlined with their characteristic clinical presentations; their proportions are different during various periods of the
national control program. Ectopic schistosomiasis and the relationship between the S. japonicum infection and
colorectal cancer are also discussed. Post-transmission schistosomiasis is briefly discussed (which can happen even
if the disease reaches the criteria of elimination, and the infection and transmission have stopped, but yet it still
develops). The problem of mammalian reservoir hosts of S. japonicum makes the epidemiology and control of
schistosomiasis in China even more complicated and arduous, and the control progress in animal reservoirs is
briefly presented.
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Review
Schistosomiasis in China is mainly caused by the infec-
tion of Schistosoma japonicum. Schistosomiasis japonica
has a long history for more than 2100 years evidenced
by the finding of the eggs in the liver of an ancient
corpse. The first clinical case was discovered in 1905
confirmed by typical S. japonicum eggs found in a pa-
tient’s stool. The disease caused millions of death in the
last century. Both the morbidity and mortality were con-
siderably high. Scientific records on the morbidity of the
disease were few before the founding of the People’sCorrespondence: mgchen51@hotmail.com
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stated.Republic of China in 1949. After 1949, facing the serious
situation Chinese Government has made great efforts in
implementing a national control program and, as a re-
sult, both the prevalence and morbidity have decreased
significantly and in large areas are now free from S. japo-
nicum infection. Historical records are appalling that is
unique in the world both in S. japonicum- and other
Schistosoma- prevalent countries. Numerous deceased
persons, broken families, and destroyed villages could be
found in the endemic areas. The morbidity was serious
even in the early phase of the national control program
period. The epidemic of schistosomiasis on marshlands
in Gaoyou County in 1950 caused 4,019 out of 5,257 vil-
lagers acquiring acute infection and 1,335 (25.4% of the
local population) died that year from schistosomiasis.
The highest record in intensity of an artificial infection
test in sentinel mice in China was seen in Guichi County
with 1,161 schistosomes in a single deceased mouse.
The prevalence rate of cattle and buffaloes in the areais is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited. The Creative Commons Public Domain Dedication
ain/zero/1.0/) applies to the data made available in this article, unless otherwise
Figure 1 Excavation site of an ancient female corpse with
schistosomiasis in Changsha City, Hunan Province, in 1971 [8].
Figure 2 Mummy prepared from the corpse of the excavation [8].
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were closed as most, or all, of the domestic mammals
died in the 1950s and 1960s in Hunan, Jiangxi, and An-
hui provinces, mainly due to heavy infection of the para-
sites. Clinical disease is mainly seen in the acute and
advanced phases and a number of photos are presenting
showing historical morbidity. Nowadays the number of
acute and advanced schistosomiasis is much less than it
was before. Animal reservoir is a problem for S. japoni-
cum in China which increases the complicity in the epi-
demiology and control of the disease both to humans
and animal husbandry. However, the prevalence in do-
mestic animals is under effective control.
Introduction
Of the five major schistosomes that infect man—Schisto-
soma japonicum, S. mansoni, S. haematobium, S. inter-
calatum, and S. mekongi—S. japonicum is considered to
cause the most serious disease. This may be due to the
fact that S. japonicum female worms have a much higher
egg output and that the eggs are laid in large aggregates
that induce intensive tissue reactions in host organs. In
addition, the life span of the adult worm is probably the
longest [1,2]. Schistosomiasis in China is mainly caused
by the infection of S. japonicum. A zoophilic strain of S.
japonicum that infects only domestic animals (pigs,
dogs, cattle, goats, etc.) and can experimentally infect
mice, but has not been shown to infect man, occurs in
Taiwan, China [3-5]. Scientists named the parasite as the
Taiwan strain of S. japonicum [6]. Early in this century, a
few human clinical cases of a new species of Schisto-
soma, i.e., Schistosoma nanjingi, were reported with the
discovery of eggs both in the feces and the urine of hu-
man hosts, and were restricted to limited endemic areas
close to Nanjing City, Jiangsu Province [7]. However, in-
formation on the morbidity caused by the infection with
this new species is very limited. This paper deals only
with the major species, S. japonicum, presenting a his-
torical assessment on morbidity in humans and, to some
extent, in domestic animals.
Historical records before 1949
The eggs of S. japonicum identified in two ancient
corpses from the Hunan and Hubei provinces excavated
in 1971 and 1975, respectively, have shown that the
prevalence of schistosomiasis in China has a history dat-
ing more than 2,100 years [8-10] (see Figures 1, 2, 3, and
4). In old volumes about traditional Chinese medicine, a
description of clinical symptoms resembling Katayama
fever (acute schistosomiasis) can be traced back to
400 B.C. [11], and symptoms resembling the late stage of
schistosomiasis, such as ascites and splenomegaly, can
be traced back to as early as 2697 B.C., as evident in the
text “Ling-Su”, claimed to be written by Huang-Di (theKing) [12,13]. Great suffering and premature death due
to schistosomiasis existed for centuries [11]. The first
clinical case was discovered in 1905 in a missionary hos-
pital in Changde County, Hunan Province, by Dr. Logan,
an American physician, confirmed by typical S. japoni-
cum eggs found in the patient’s feces [14]. The patient
was an 18-year-old fisherman. His major complaints
were bloody diarrhea and loss of working ability. A phys-
ical examination showed an underdeveloped young man
with a short statue (137 cm in height). In 1924, Dr.
Totell, also an American physician and director of the
aforementioned missionary hospital, examined 63 resi-
dents in two villages in the same county using the direct
fecal smear technique (a technique with low sensitivity
for the discovery of the S. japonicum infection). Eggs
were found in 38 of the fecal specimens with a high
prevalence of 60.3%, showing that both prevalence and
intensity of the infection in the area were very high [15].
Faust and Meleney, professors at the Peking Union Med-
ical College, were the first to make a survey on the infec-
tion in the Jiangsu, Zhejiang, and Guangdong provinces,
and to discover the molluscan host of the parasite in
China. They published a monograph “Studies on schisto-
somiasis japonica” in 1924, which was the first systemic
report related to the prevalence and morbidity of the S.
Figure 3 An egg of Schistosoma japonicum isolated from the
liver of the corpse showing a miracidium inside and a small
exterior spine (Photo provided by Prof. Li Yunhe).
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ical cases and valuable observations on the morphology
and lifecycle of the causative agent and pathological
anatomy of the disease were provided.
A few papers related to the prevalence and morbidity
of the infection and control of the disease in different
provinces have been published in Chinese and foreign
medical journals by Chinese and foreign scientists prior
to 1949 [17-20]. Hsu and Wu summed up the distribu-
tion of schistosomiasis in 1941 based on a literature re-
view and their own experiences in the field [21]. Mao
and Shao wrote a detailed review on the epidemiology of
schistosomiasis japonica in China that included geo-
graphical distribution, zoological distribution, and inci-
dence [11]. The disease was claimed to be endemic in
138 counties in 11 provinces, i.e., Jiangsu (including sub-
urbs of Shanghai), Zhejiang, Anhui, Jiangxi, Hubei,Figure 4 Schistosome eggs in clumps from the rectum mucosa
of the corpse (Photo provided by Prof. Li Yunhe.).Hunan, Fujian, Guangdong, Guangxi, Sichuan, and
Yunnan. Based on two review papers, it was estimated that
several dozen million persons were infected with S. japoni-
cum [11,21]. Several species of mammalian hosts were
found to harbor the infection including dogs, cats, rats,
cattle, buffaloes, sheep, and goats [11,22-24].
Three species of schistosomes, i.e., S. japonicum, S.
mansoni, and S. haematobium, account for the majority of
the human infection. Schistosomiasis, as a special disease,
was evident in Katayama, Japan as early as 1847, however,
S. japonicum was discovered by Katsurada in 1904 in do-
mestic animals [25,26]. The first human S. japonicum in-
fection case was reported in Japan by Fujinami who found
adult worms in the portal vein of the liver upon necropsy
in 1907. In contrast, although Bilharz identified the cause
of African schistosomiasis in 1852, the picture of transmis-
sion was complicated as two species (S. mansoni, S. hae-
matobium) of worms were involved. The lifecycles of the
two species of Schistosoma remained a mystery for more
than 60 years until 1915–1918 [26-28].
Morbidity due to the S. japonicum infection in China
was very high according to the reports written prior to
1949, and field investigations in the 1950s and early 1960s
were supplemented with recalls from local people and
governments. Before the 1950s, numerous deceased per-
sons, broken families, and destroyed villages could be
found in the disease endemic areas in the southern part of
China. Before 1949 and in the early phase of the national
control program in the 1950s, schistosomiasis endemic
areas were called by horrible names, such as “no man’s vil-
lage” or “village without villagers” (in cases where most of
the villagers died and others fled their homes to seek
safety elsewhere in fear of some ghost remaining in the vil-
lage who was diminishing the strength of their lives),
“widows’ village” (when most of the men in the endemic
villages died because of their more frequent water contact
than women), “big belly village” (with many of the villagers
suffering from hepatosplenomegaly and/or ascites), and
“dwarf village” (with many of the villagers being short in
stature and sexually underdeveloped due to a schistosome
infection during childhood) [29-31]. The situation was ser-
ious in terms of the morbidity and mortality of the disease
that China was facing after the founding of the People’s
Republic in 1949, not only from the prevalent status of the
time, but also from the appalling historical records caused
by the prevalence of the disease.
According to retrospective surveys in the 1950s, in 34
counties in the Jiangxi Province endemic for schistosom-
iasis, a total of 1,362 villages were destroyed, 26,000 fam-
ilies died, and 310,000 residents departed in a period of
40 years before 1950. The major cause of death was esti-
mated to be due to schistosomiasis, which accounted for
approximately 90% of the deaths. One village, Gentou, in
Fenchang County – once a large village with about 1,000
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creased to only two households in 1954 [31]. In the
Shangyanpan village, Yushan County, with a population
of over 500 30 years before 1949, only 144 remained, of
whom 115 were schistosomiasis victims, and there were
widows almost in every household. Many families had
three generations of women widowed in succession.
Thus, Shangyanpan was known as the “Village of
Widows” [32]. Such villages could also be found in other
provinces in the endemic areas. In Jiaxing County, Zhe-
jiang Province, during a period of less than 30 years
prior to 1949, about 30,000 persons died from schisto-
somiasis and 286 villages were destroyed. As most of the
labor force was sick due to the infection, 1,860 hectares
of farmland were wasted [33]. In the 1940s, 17,000 per-
sons died from the “big belly disease” (patients with
hepatosplenomegaly and/or ascites) in Jiashan County,
Zhejiang, mainly from schistosomiasis [32]. In Yangxin
County, Hubei Province, one of the 10 most heavily en-
demic counties in China of the last century, around 700
villages were destroyed during the 20 years preceding
1949 and resulted in 15,000 hectares of farmland being
deserted [31]. In Tzeshih village, Kangning County,
Hubei Province, once well known for its rich yield of
rice, the disease levied such a heavy toll on the life and
health of its inhabitants that 800 hectares of fertile land
were overgrown with weeds; and scourged by famine,
people had to eat weeds and husks, or beg elsewhere
[32]. In Rentun village, Qingpu County, Shanghai Muni-
cipality, more than 500 persons died from schistosomia-
sis before 1949 with 97 whole families dying out, while
in the remaining 28 households, only one person
remained alive. A baby’s crying had not been heard for
eight consecutive years in the fourth decade of the 20th
century [34]. In Nianzexia village, Guichi County, Anhui
Province, all the family members died in 119 out of 120
households, and only four persons in one family were
still alive in the early 1950s. Among them, three were
patients with schistosomiasis, and the other one was a
barber with a much smaller chance of coming into con-
tact with schistosome-infested water [31]. In desper-
ation, some victims even sought salvation in death.
Shortly before 1949, in Fenghuangtai village, Xiangyin
County, Hunan Province, 11 people ended the night-
mare of their existence by suicide [32]. By the first half
of the 20th century, quite a few patients committed sui-
cide in other areas by either hanging themselves, drown-
ing in rivers or wells, or knife cutting at their inflated
abdomen with ascites, which is a symptom of the long-
term, serious suffering of the disease [31].
Such horrible examples can be seen in many counties
in the endemic areas in China and have been recorded
in the county annals in the endemic provinces. Why was
the damage of schistosomiasis so serious in China beforethe 1950s? Obviously, the morbidity of the disease was
high, and control work was hardly carried out due to the
socio-economic situation. Even children from richer
families, such as landlords in the countryside, acquired
the infection as their families could not afford treatment
with the anti-schistosome drug—then tartar emetic. The
cost of treatment was so high that only several rich fam-
ilies could afford treatment for just one child. Families
with more than one infected child drew lots to deter-
mine which child to treat, and an equal sum of money
were paid by each family with one child patient. The
other children were not treated and could only await
death [35]. Importantly, what also added to the serious-
ness of the situation was that apart from humans, many
species of mammals can be infected with S. japonicum
and serve as reservoir hosts, i.e., are important sources
of the infection [2,28]. By the late 1940s, only a few sur-
veys were done by scientists in China about animal res-
ervoirs [12,22,34].
People in the endemic areas who had long been suffer-
ing from the disease not knowing its cause, were, natur-
ally, extremely superstitious. Once they became infected
with the parasite, they either attributed it to the unfavor-
able “wind and water” of their ancestral tombs, or sus-
pected the presence of evil spirits in the lakes [31]. The
people bitterly lamented their fate in verse: “After fa-
ther’s death, nobody carries him; after son’s death, no-
body buries him. Foxes and rabbits the village roam;
weeds only fill the rooms” [32]. “Died are thousands of
villages, crying and singing are only ghosts.” The situ-
ation was vividly described in the famous poem, Fare-
well, God of Plague, written in 1958 by Mao Zedong,
late chairman of the Chinese Central Government. Mao
wrote the poem knowing about the epidemic situation
of schistosomiasis before the 1950s.
The national control program and its progress
Little can be said about the control program before the
1950s, as it did not exist. In recognition of the devastating
effects of schistosomiasis on rural areas and people’s
health, a national control program was established in
1955, and large-scale, intensive control work has been car-
ried out in the past six decades. Several nationwide sur-
veys have been executed in the past five decades and the
distribution of the infection has delineated. Both the in-
fected subjects and Oncomelania snail intermediate hosts
have been found in 454 counties along and in the south of
the Yangzi River in the southern part of China, which in-
cludes 10 provinces, the municipality of Shanghai, and the
autonomous region of Guangxi [36]. By the end of 2011,
the criteria for elimination of schistosomiasis [37] was
reached in 274 counties in Guangdong, Shanghai, Fujian,
Guangxi, and Zhejiang provinces, municipality and au-
tonomous regions, and—in the remaining counties still
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situation has changed significantly. The total number of
infected persons in the endemic areas was estimated to be
around 10 million in the 1950s [31]. By 1989, 1995, and
2004, three large-scale, well-organized nationwide sam-
pling surveys on the epidemic status of schistosomiasis
were carried out. The infected persons were estimated to
be as about 1,522,100 in the 1989 survey [38], 865,084 in
the 1995 survey, a 91.4% decrease [39], and 726,111 in the
2004 survey, a decrease of 92.7% [40], as compared with
the data from the 1950s. According to the case reporting
system for infectious diseases collected by the Ministry of
Health, the number of infected subjects was calculated to
be 286,836 in 2011, a 97.1% decrease [36]. The number of
acute cases and advanced cases, sensitive indices for mor-
bidity estimation of schistosomiasis, fluctuated to around
10,000 (from several thousand to 14,000) yearly and was
estimated to be one million, respectively, in the 1950s
[31]. The number of advanced cases was calculated to be
55,961 in 1995 [39]. The number of advanced cases was
30,028 in 2011, a 97% decrease compared with the figure
in the 1950s, while the number of acute cases was only
three [36]. The number of infected bovine, including yel-
low cattle and water buffaloes, was estimated to be around
500,000 in the 1950s [31]. The number of infected bovine
was calculated to be 100,251 in 1995 with a positive rate
of 9.06%, estimated by conducting a fecal examination for
the eggs of S. japonicum [39]. In 2011, the eggs of S. japo-
nicum were found in 5,146 bovine in the endemic areas
via fecal examination or rectal snips (a more sensitive
technique for the detection of the infection) among
753,782 (53.4% of the total number of 1,410,936 bovine in
the areas still endemic for schistosomiasis) examined with
a positive rate of 0.68% [36]. All in all, achievements in
schistosomiasis control in China have reduced the human
infection rate by more than 97% as compared to the peak
estimates in the mid-1950s, and the prevalence in bovine
had reduced by more than 98% by 2011 [36]. The decline
of the infection and morbidity of S. japonicum was signifi-
cant but gradual as a whole with some fluctuations in the
past six decades [34]. The total area of the Oncomelania
snail habitats in the 1950s and 1960s was about 1.4 million
hectares, and 372,664 hectares in 2011 [36], a decrease of
about 73%.
Since the national control program started, the preva-
lence and morbidity of schistosomiasis in China has been
decreasing. Let’s take Guichi County, one of the 10 most
heavily endemic counties in China as an example. The en-
demicity and morbidity of schistosomiasis in the county
was serious in the 1950s and 1960s. Fecal examination
showed that the prevalence of residents in the county
town around the Southeast Lake was as high as 70%, the
majority of the infected subjects were symptomatic, and
over 70% were showing signs of hepatomegaly and/orsplenomegaly in 1956. The infection rate of S. japonicum
in sentinel mice was 100% in repeated testing with hun-
dreds of mice. The intensity of the infection in mice was
449 worms per mouse four week after a standardized
technique—one-hour water contact per day for 10 con-
secutive days. Up until now, the highest record of artificial
infection intensity in sentinel mice in China was seen in
the area with 1,161 schistosomes in a single deceased
mouse due to the infection. The prevalence rate of cattle
and buffaloes in the area was almost 100%. In the 1950s,
outbreak of acute schistosomiasis was seen almost every
year, and there were many advanced cases [41]. After in-
tensive control work in the 1980s, the endemic situation
greatly improved. After environmental modification to
make the swamp and lake into cultivable land, as well as
other intensive, combined prevention and treatment ap-
proaches, the county town and its surrounding area were
free from schistosomiasis as shown by human and animal
examinations, the snail survey, as well as sentinel mice
testing [41].
Morbidity of the disease after 1949
The assessment of morbidity due to the S. japonicum in-
fection has mainly been based on prevalence, infection
intensity, clinical presentations, and mortality. Recently,
the quality of life and disability weight due to schisto-
somiasis has been taken into account as a quantitative
estimate on the disease burden [42-44].
Along with the sharp decrease of the prevalence, as
well as the intensity of the infection, morbidity of the
disease has significantly declined in the past six decades.
Clinical manifestations have changed considerably com-
pared with those in the early stage of the national con-
trol program. Thousands of scientific papers related to
morbidity of schistosomiasis japonica in China have
been published in the country’s biomedical journals, es-
pecially professional journals, such as the Chinese Jour-
nal of Schistosomiasis Control, the Chinese Journal of
Parasitology and Parasitic Diseases, etc., however, most
of them are in Chinese.
Clinically, there are three phases for schistosomiasis in
China: acute phase, chronic phase, and advanced phase.
The morbidity and mortality were comparatively high in
the advanced cases, and morbidity of acute schistosom-
iasis was very high with a considerably higher mortality
before Praziquantel was available for treatment. Ectopic
schistosomiasis is another type of the disease that may
be seen in different phases of schistosomiasis.
Acute schistosomiasis
The clinical manifestation of acute infection with S.
japonicum is outstanding, and it was considered to be
more serious than that of the infection with S. mansoni,
S. haematobium, and S. intercalatum [1,2,28]. Clinical
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sweating, headache, general muscular pain, gastrointes-
tinal disturbances, enlargement and tenderness of the
liver, and eosinophilia. Serious patients are usually very
sick with high-grade fever, and if not treated in time, the
subjects may die. Figure 5 shows a shocking image of an
acute case at the terminal stage of the disease, taken in
1965. Although the patient was diagnosed with the acute
disease in time and treated with two not very effective
anti-schistosome chemicals, furapromidum and hexa-
chloroparaxylol (Hetol), in a special hospital for schisto-
somiasis by experts, his life could not be salvaged as
Praziquantel was not yet available. The frequency of the
acute infection is presently much lower than it was in
the 1950s and 1960s. The number of persons identified
as having acute schistosomiasis was less than 100 per
year for three consecutive years by 2011, according to
the infectious disease reporting system in China [36].
The following are several examples of the outbreak of
the acute disease after 1949.
In 1949 and 1950, 33,891 soldiers and cadres of the
Chinese Liberation Army were infected with S. japoni-
cum, most of them with the acute infection, and lost
their capacity to participate in military exercises and toFigure 5 Terminal phase of a 12-year-old boy suffering from
acute schistosomiasis in Changshu County in 1965, a week
before his death [2] (Author’s collection).swim in the water in the endemic areas of the Yangtze
River Delta in the provinces of Jiangsu and Zhejiang,
and suburbs of Shanghai City. The fighting ability of
three divisions of the army force was thus lost [31]. Dur-
ing a flood season in 1950, in Xinmin township, Gaoyou
County, Jiangsu Province, 4,019 out of 5,257 villagers ac-
quired the acute disease after coming into contact with
schistosome cercaria-infested water, used for the collec-
tion of wheat, reed leaves, and vegetable oil seeds or
fishing on marshlands, and 1,335 (25.4% of the local
population) died that year. The mortality rate due to the
acute infection of S. japonicum was extremely high
probably due to the high density of schistosome cercaria
on the marshlands. Hundreds of corpses, some of them
even without coffins, were disposed on the dykes around
the marshlands, forming a distance of 9 km long [31,45].
This big event, in combination with a high incidence of
outbreaks of schistosomiasis in the armies during 1949–
1950 in the Yangtze River Delta, and other epidemics of
the disease elsewhere in the early 1950s, propelled the
Chinese Government to pay greater attention to schisto-
somiasis and its control work.
In 1962, in Yuanjiang County, Hunan Province, 1,762
persons got the acute infection and 61 died [31]. In the
Hubei Province, where the extensive marshlands are
highly endemic, 2,984 persons in 24 counties were re-
ported to acquire acute infections in 1983. In a single
village, 95 persons acquired the acute infection among
1,034 persons exposed to the infested water [46]. In
1989, in Wuhan City areas and its suburb along the
Yangzi River, thousands of city residents and students
acquired the acute disease by swimming in the water
during the hot summer [34]. As local hospitals were full
of patients, children stopped attending school and class-
rooms were used as temporary wards for the treatment
of the disease. Also in 1989, in the suburb of Nanjing
City, an outbreak of acute schistosomiasis happened in
364 subjects mainly because they collected reed leaves in
the infested water [47].
Chronic schistosomiasis
S. japonicum infected subjects may be symptomless.
People in endemic areas with comparatively smaller
chances of contact with infested water, and those with the
infection and incomplete treatment, may enter the chronic
phase. Most subjects with the infection in the endemic
areas are chronic cases. Some are symptomless and some
are slightly symptomatic, and the impact to their working
ability is usually not significant. If not treated in time, the
disease may become advanced causing higher morbidity,
but some patients may be latent all their life. Conducting
autopsies in deceased patients who had diseases other
than schistosomiasis, schistosome eggs and egg granu-
lomas were found in the tissues of a number of corpses
Figure 7 Collective photo of female advanced cases of
schistosomiasis in the Changshu County Hospital in 1965
(Author’s collection).
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anti-schistosome treatment during their lifetimes [28].
Advanced schistosomiasis
Most of the mortality of schistosomiasis is seen in the
advanced stage. Four major forms of advanced schisto-
somiasis have been classified in China, i.e., ascites, mega-
losplenia, dwarfism, and colonic tumoroid proliferation
[10,28,48].
Patients with ascites were considered to be the most
serious among all forms of advanced schistosomiasis.
Ascetic patients due to schistosomiasis were commonly
seen in the endemic areas. In the 1950s and 1960s, they
consisted of about one third of the advanced disease,
and the number of the subjects was estimated to be as
high as several hundred thousands in whole country
[34]. In the special hospitals for schistosomiasis with 50
to 100 beds in heavily endemic areas, dozens of ascetic
patients could be found, as shown by Figures 6 and 7,
which were taken in small hospitals in 1959 in the Gui-
chi County, Anhui Province, and in 1965 in Changshu
County, Jiangsu Province, respectively. The collective
photos of advanced cases with ascites could only be
taken in the earlier phase of the national control pro-
gram, i.e., in the 1950s until the 1970s, and, thanks to
the intensive control program, after 1980, the number of
ascetic patients significantly decreased. Individual photos
of advanced schistosomiasis are shown in Figures 8 and
9. The volume of ascites in one advanced case was docu-
mented as large as 20 liters, about one third of his body
weight, as assessed by the technique of repeated abdom-
inal paracentesis and injection with methylene blue.
Along with the progress of the control effect, the num-
ber of ascetic patients due to schistosomiasis has consid-
erably decreased in recent years [36,49].Figure 6 Collective photo of male advanced cases with ascites
in the Guizi County Anti-schistosomiasis Hospital in 1959
(Author’s collection).Megalosplenia is another form of advanced schistosom-
iasis quite commonly seen in the 1950s and 1960s. Per-
sons usually have a very large spleen and hypersplenism.
The enlarged spleen may be palpated across the level of
umbilicus or abdominal midline, i.e., ≧3 in Hackett size, as
shown in Figure 10. The enlarged spleen usually weighs
1,000 g to 2,000 g at autopsy or upon splenectomy, with
the largest one recorded being over 4,000 g [2,31].
Between 1954 and 1977, splenectomy was done to a
total of 5,151 patients with megalosplenia and/or hypers-
plenism due to schistosomiasis in one county, i.e., Qingpu
County, Shanghai Municipality, which had very high
prevalence and morbidity of schistosomiasis and a total
population of about 400,000 [48]. In doing this, a number
of surgical teams from big hospitals of Shanghai Medical
Colleges and of the Second Military Medical University
were dispatched to the endemic fields by the Health Bur-
eau of the Shanghai Municipality Government.
Advanced schistosomiasis with ascites and/or megalos-
plenia is usually associated with abdominal collateral vein
dilation (see Figure 11) and oesophagogastric varices. The
rupture of varices occurs mostly at the fundus of the
stomach and, secondarily, in the lower third of the
oesophagus. Haematemesis and melaena are frequent, and
upper gastrointestinal bleeding is the most important
cause of death (above 50%) in advanced schistosomiasis.
The second important cause of death is hepatic failure
with or without going into a hepatic coma [48].
As one of the four major forms of advanced schistosom-
iasis, schistosomiasis dwarfism was quite common in en-
demic areas in China in the 1950s and 1960s. Nowadays,
it is very rarely seen. These individuals acquire infection,
usually repeated and heavy, during childhood. Their phys-
ical growth and sexual development is retarded. Lack of
growth acceleration during puberty, a short stature with
an older facies, a lack of secondary sexual characteristics,
Figure 8 An advanced case with ascites in Gaoyou County,
Jiangsu Province in 1958 (Author’s collection).
Figure 9 An advanced case with a huge amount of ascites
(abdominal circle 125 cm) and umbilicus hernia in Changshu
County in 1965 (Author’s collection).
Figure 10 An advanced case with a huge spleen (the size
indicated with a black marker) in 1960 in Guichi County
(Author’s collection).
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Figure 11 Dilatation of abdominal collateral veins due to portal
hypertension in a patient with advanced schistosomiasis. The
enlarged spleen was marked with black ink. (Author’s collection).
Figure 13 Persons of almost the same stature (around 140 cm
in height) in 1960: the one on the right was 36 years old, the
one in the middle was a 45-year old man (both were
schistosomiasis dwarfs with older facies), and the one on the
left was a 14-year-old student in Susong County, Anhui
Province. (Author’s collection).
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istics. Loss of libido in adults, impotence in men, and in-
fertility and amenorrhoea in women are common in cases
with advanced schistosomiasis. Schistosomiasis dwarfs
photographed in 1959 and 1960 in two counties of the
Anhui Province are shown in Figures 12, 13 and 14. In theFigure 12 Seven schistosomiasis dwarfs in Guichi County
Anti-schistosomiasis Station standing together, ranging in ages
between 16 and 35 years, and all of short stature (shorter than
140 cm in height); the person on the far right was a nurse in
the hospital in 1959. (Author’s collection).1950s, schistosomiasis dwarfs accounted for 4% of the
whole population in the Rentun village, Qingpu County,
Shanghai [50].
Before the 1980s, the colonic tumoroid proliferation
form of the disease, granulomatous disease of the large in-
testine secondary to schistosome infection, was not un-
common among advanced schistosomiasis, especially in
the Jiangsu Province, with 229 cases reported [51]. It has
been a rarity in the past two decades, usually comprising
less than 1% of the total advanced cases. The patients were
usually able to work until the disease became well ad-
vanced or complications appeared. Diffuse involvement
and multiple lesions of the large intestine were seen in the
cases although the disease was mainly localized in the rec-
tum and sigmoid colon (see Figure 15). The complications
of colonic obstruction and perforation or intestinal
hemorrhage were reported. Based on tissue egg count
after digestion done in 10 autopsy cases with advanced
schistosomiasis egg concentration in the intestinal tissue,
it was the highest in the rectum, then (in descending
order) the sigmoid, descending, transverse, and ascending
colon, while the small intestine was only slightly affected
Figure 14 Three persons standing together with similar
statures in 1959: the one on the right was 30 years old, the
one on the left was a 20-year-old schistosomiasis dwarf in
Guichi County Anti-schistosomiasis Station, and in the middle
was a five-year-old kindergarten child, the son of a head nurse
of the hospital. (Author’s collection).
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proliferation is comparatively common in advanced
schistosomiasis.
Ectopic schistosomiasis
The egg granuloma lesions of S. japonicum and in rare
case, adult worms, may be found outside the portal venous
system causing ectopic schistosomiasis. Apart from the or-
gans of the portal venous system, almost all organs and
tissues in a host’s body can be involved, such as the skin,
subcutaneous tissue, lymphonodes, muscles, conjunctiva,Figure 15 Diffuse involvement and multiple lesions of the large
intestine in a schistosomiasis patient during autopsy in 1964
(Author’s collection).tongue, brain, spinal cord, sympathetic nervous system,
thyroid, breast, lung, cardiac muscle, pericardium,
esophagus, ascetic fluid, kidney, ureter, urethra, bladder,
adrenal cortex, inguinal hernia sac, reproductive organs
of both sexes etc., and among them, ectopic clinical
symptoms and lesions have more frequently been re-




The S. japonicum infection mainly affects the brain, with
spinal cord involvement rarely reported. No population-
based survey is available for the assessment of the preva-
lence of cerebral involvement due to S. japonicum.
Among adult hospital patients in China in the 1950s, the
prevalence of cerebral schistosomiasis among all patients
with schistosomiasis ranged between 1.7% and 4.3%
[29,57]. In the early stage of the national control pro-
gram, i.e., in the 1950s and 1960s, cases with cerebral
schistosomiasis were mainly seen in the acute phase of
the infection [1,57]. However, during the past two de-
cades, due to the control efforts, acute schistosomiasis
has gradually been decreasing and along with it, cerebral
schistosomiasis has also been significantly decreasing
and is mainly, or almost exclusively, seen in the chronic
phase and rarely in the advanced disease [1,28,48].
Clinical manifestations of cerebral schistosomiasis dif-
fer considerably between the cases in the acute phase
and the chronic phase of the infection. In the former,
the usual presentation is meningoencephalitis with or
without localized granulomatous findings, but with the
clinical symptoms of fever, headache, vomiting, dysphra-
sia, hemiparesis, blurred vision, disturbance of con-
sciousness, and eosinophilia [28,57,58]. Epileptic seizures
usually with granulomatous lesions in the brain are the
main clinical manifestations of the cerebral disease in
the chronic phase. Symptoms common with brain tu-
mors such as headaches, disturbance of speech, and
paralysis often develop. In a large series of cerebral
schistosomiasis cases confirmed by surgical therapy and
histopathological studies during the period from 1992 to
2012 in a hospital in Jingzhou City, Hubei Province (one
of the most heavily endemic counties (cities) in China
up until now), it was shown that 42 patients had granu-
lomatous lesions confirmed by magnetic resonance im-
aging and computed tomography, serological tests, and
cerebrospinal fluid tests for anti-schistosome antibodies
and pathological examination of the surgical specimens.
Many more cases diagnosed clinically as cerebral schis-
tosomiasis and effectively treated in the internal medi-
cine department of the hospital with Praziquantel and
corticosteroids were not included. Total resection of the
granuloma for those with a single granulomatous lesion
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portant functional areas) of the brain was performed in
25 cases including associated decompressive therapy in
eight cases with intracranial hypertension. Partial resec-
tion of the granuloma (s) and decompressive therapy
was performed in 17 patients with their granulomatous
lesions in more than two lobes, or in the important
functional areas of the brain [59].
The pathological changes in the brain are local reac-
tions in response to the presence of eggs, and, although
ectopic parasitism of the adult worms in the cerebral
vessels has been suggested, up until now, no worm has
ever been found in specimens of the human brain. On
the other hand, histological sections from surgical oper-
ation and necropsy have shown that all were egg granu-
loma (s) in the brain tissue [32,57-59].
Myelonic schistosomiasis
Unlike the S. mansoni infection, in which the central
nervous system’s involvement was seen more often in
the spinal cord than in the brain, egg granulomas in the
spinal cord and adult worms in the subarachnoid veins
of the spinal cord were found in human cases [60];
spinal cord involvement in S. japonicum infection is very
rare. Clinically presenting transverse myelitis in acute S.
japonicum infection was presumptively diagnosed as
myelonic schistosomiasis only in a few cases, and the
symptoms were released after etiological treatment with
trivalent antimony. Only one case diagnosed as spinal
cord schistosomiasis and confirmed with histopatho-
logical evidence by the finding of S. japonicum egg
granuloma in the tissue was reported in the Chinese lit-
erature [28].
Pulmonary schistosomiasis
Clinical pulmonary schistosomiasis was frequently seen
(about 30–70%) in the acute phase of the S. japonicum
infection, especially in the earlier stage of the national
control program, i.e., from the 1950s to the 1970s, when
the yearly incidence of the acute infection was high
[1,28,31]. Radiological appearances of the chest were
well documented in the earlier Chinese literature. On X-
ray film, diffuse, mottled opacities, or military shadows,
poorly or well defined according to the stage of the acute
infection, were shown. Hazy shadows also occurred with
symmetrical distribution in the mid- and lower lung
fields [28,61]. The pneumonic signs usually disappeared
three to six months after effective etiological treatment.
The pulmonary disease was mainly caused by egg granu-
lomas. However, three reports confirmed that ectopic
parasitism of S. japonicum adult worms in the lung was
found at autopsy in four patients deceased due to acute
schistosomiasis [62-64]. Taking into account that post-
mortem examination is quite rare and not easily done inpatients deceased due to schistosomiasis, as well as from
other diseases in China, adult S. japonicum parasitism in
human lungs in acute schistosomiasis may not be
infrequent.
In advanced schistosomiasis, diffuse pulmonary involve-
ment with egg granulomas was common, i.e., in 18 (82%)
of 22 cases at autopsy [65,66]. However, individuals with
clinical pulmonary symptoms in chronic and advanced
schistosomiasis were rarely diagnosed during their life-
times. During a three-year period in the 1960s, in a big
specialized hospital for schistosomiasis in Shanghai, only
10 cases of chronic cor pulmonale induced by schistosom-
iasis were observed, all in the advanced phase of the dis-
ease. During the same period, a total of 723 cases of
advanced schistosomiasis were treated in the hospital. The
rate of cardiopulmonary complication among cases with
advanced schistosomiasis was 1.4%. None were observed
in the chronic phase of the disease [65]. After the 1980s,
along with the progress of the control program, pulmon-
ary schistosomiasis, especially schistosomal cor pulmo-
nale, has rarely been reported.
Schistosomiasis and cancer
A number of epidemiological data have suggested that a
close relationship exists between colorectal cancer and
schistosomiasis in China. A nationwide retrospective
survey of cancer in China, conducted between 1973 and
1975, showed that cancer of the large intestine was seen
mainly in the provinces of Zhejiang, Jiangsu and Fujian,
and the municipality of Shanghai—a distribution that co-
incides with areas that had a high prevalence and mor-
bidity of schistosomiasis at the time [67]. By analyzing
the mortality data of colorectal cancer and S. japonicum
infection in 24 provinces in China covering a population
of 850 million, a parallel correlation between the mortal-
ity rate due to colorectal cancer and schistosomiasis in
endemic areas, especially in areas with high prevalence
rates, was demonstrated by Chinese scientists in the
1980s [68]. In another study, the prevalence of S. japoni-
cum was positively correlated with the mortality of colo-
rectal cancer in five counties in the Jiangsu and Zhejiang
provinces [69]. In the same publication, data at county
level from the Haining County Cancer Registry of Zhe-
jiang Province for 24 communes (now townships)
showed that the incidence of colorectal cancer was sig-
nificantly correlated with the prevalence of schistosomia-
sis [69]. The correlativity of geographical distribution
between colorectal cancer and schistosomiasis was
shown by a study in the Jiangxi Province in the 1970s
[70]. The study also showed that the mortality due to
large bowel cancer was significantly higher in residents
in the areas endemic for schistosomiasis (4.85/100,000)
than those in non-endemic areas (3.31/100,000). In a
highly endemic area for schistosomiasis, Jiashan County,
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large intestine was 44.2/100,000, the highest in China
[69]. A significant association between colorectal cancer
and previous schistosome infection (odds ratio 3.3) was
also reported from a matched, case–control study in
three counties of the Sichuan Province [71]. Another
case–control study on 252 cases of colorectal cancer in
Kunshan County, Jiangsu Province compared with a
matched control group showed a strong association
(odds ratio 8.3) between rectal cancer and history of
schistosomiasis [72]. In a retrospective review in 1984
on mortality due to all malignancies in seven S. japoni-
cum endemic counties in the Jiangsu Province, it was
shown that the prevalence rate of schistosomiasis and
the mortality rate due to colorectal cancer increased in
parallel [73], and persons with schistosomiasis had a sig-
nificantly higher mortality rate due to colorectal cancer
than those without [74]. In cases of intestinal cancer as-
sociated with schistosomiasis, the locality of the cancer
was predominately seen in the rectum, as was also re-
ported in Japan [75], followed by the sigmoid colon, and
finally in the other part of the colon, while cancer in the
small intestine was a rarity which coincides with relative
distribution of S. japonicum eggs in the intestine of man
[52,69,76-78]. In an analysis of 285 pathological speci-
mens with colorectal cancer from surgical operations in
a heavily endemic area for schistosomiasis, it was shown
that in 220 cases in which the cancer was associated
with schistosomiasis, cancer in the rectum and sigmoid
colon accounted for 44% and 27%, respectively, while in
the 65 cases in which the cancer was without schisto-
somiasis, the comparative figure in the rectum and sig-
moid colon was 23% and 18%, respectively, a significant
difference [78].
Schistosome infection may have a negative effect on
the prognosis of colorectal cancer. In a report by the Na-
tional Cooperative Group on Pathology and Prognosis of
Colorectal Cancer [79], the five-year survival rate was
45.6% out of 430 cases complicated with schistosomiasis,
which was significantly lower than in those without
schistosomiasis (50.9% out of 2,717).
Although the data concerning schistosomiasis associ-
ated with colorectal cancer are very impressive, explana-
tions for the association still remain speculative.
Epithelial proliferation and polyp formation are associ-
ated with the malignant transition, and continuous epi-
thelial proliferation adjacent to a chronic schistosomal
ulcer seems to be precancerous [77]. Schistosome eggs
as a causative agent for colorectal cancer may have the
following mechanisms: physical effects, chemical effects,
changes of the secretion and excretion of the biliary acid,
and weakening of the cellular immunity of the host due
to the infection [80]. Molecular etiology of rectal cancer
in 22 advanced cases of schistosomiasis was studiedcompared with 22 paired cases of the cancer without the
S. japonicum infection as a control using PCR-SSCP and
DNA sequence analysis. In the group which had patients
with schistosomiasis associated with rectal cancer, 13
mutations were found in 10 cases, whereas in the con-
trol group, only three revealed base pair substitutions at
CpG dinucleotides (P < 0.05). This limited experimental
observation suggested that the mutations in schisto-
somal rectal cancer may be the result of genotoxic
agents produced endogenously through the course of
schistosome infection [81].
Although the etiological association between S. japoni-
cum and colorectal cancer has been accepted by most
Chinese scientists, there are different opinions: the evi-
dence in favor of the association between the two dis-
eases may not be enough to be convincing [82-84].
Their arguments for the case and the data the latter used
are comparatively weak. Further experimental studies on
the relationship of the two diseases with molecular
pathogenesis are needed.
The etiological relationship between hepatic schisto-
somiasis and primary liver cell cancer has been debated
[85]. Based primarily on case–control studies and mor-
tality analysis, previous and current schistosomal infec-
tion was found to be significantly associated with liver
cancer both in China and outside China [71,75,86,87].
However, most epidemiological or clinical evidence indi-
cates that hepatic schistosomiasis may not be a predis-
posing factor towards the development of liver cell
cancer. In China, two large retrospective epidemiological
surveys, one national and the other conducted in seven
counties heavily endemic for schistosomiasis, showed no
correlation between the S. japonicum infection and pri-
mary liver cancer [68,73]. No positive correlation be-
tween liver cancer and the S. japonicum infection was
found in a case–control study with hospital patients in
Japan [88]. As HBV and HCV infections are well-known
hepatic carcinogens and individuals with S. japonicum
infection usually have a higher association with HBV
and HCV infection in China [89], the apparent increased
frequency of liver cancer in patients with schistosomiasis
is explained more accurately by the high frequency of as-
sociated HBV and, in rare cases, HCV infection and its
sequela cirrhosis than by hepatoma [88-90]. However,
based on animal experiments, a few authors have sug-
gested that schistosomiasis may act as a co-carcinogen
in some situations [1,91,92].
Post-transmission schistosomiasis
Clinical problems associated with schistosomiasis will con-
tinue for a considerable period of time after transmission
has been interrupted. In Puerto Rico, Japan, as well as
other areas and countries, it has caused post-transmission
disease [93]. Consequently, it has been proposed that
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has been cured in areas where transmission and reinfec-
tion are not a threat, be renamed to “Post-transmission
Schistosomiasis” [94]. Along with the big achievements in
schistosomiasis control in China, transmission interrup-
tion has been reached in large areas [36]. However, after
the S. japonicum infection and transmission stop and no
living worms remain in the hosts’ bodies, among a part of
formerly infected and cured individuals, clinical disease
can still develop. Therefore, disease control is still needed
in the post-transmission period. A government policy con-
cerning treatment and medical assistance to individuals
with advanced schistosomiasis was implemented in 2003
in China. The policy covers patients not only in endemic
areas, but also in areas where the transmission of schisto-
somiasis has been interrupted [95]. Since then, tens of
thousands of advanced cases have received medical help.
Recent longitudinal surveys in the areas of Huangshan
City (Anhui Province), Jiaxing City (Zhejiang Province),
and Changshu City (Jiangsu Province), which are formerly
endemic areas for schistosomiasis where transmission had
been interrupted for some 20 years, hundreds of newly-
developed advanced cases were identified [96-99]. The
identification of the so-called “newly discovered” or “newly
developed” advanced schistosomiasis cases is based on 1)
former schistosome infection assessed by fecal examin-
ation and treated with anti-schistosome chemicals, and
with documented cure via repeated stool-examination
follow-ups; 2) formerly diagnosed as chronic schistosomia-
sis cases without the signs of significant liver fibrosis and
portal hypertension; 3) at the time of follow-ups, both
fecal examination and serum immunological tests for
schistosome infection were negative; and 4) at the time of
follow-ups, the patients showed the symptoms and signs
of ascites, splenomegaly with hypersplenism, upper gastro-
intestinal bleeding, hepatic failure, etc. Criteria for ad-
vanced schistosomiasis in China were reached through
physical examinations, abdominal ultrasonography, liver
and spleen function tests, and tests of serum fibrotic indi-
ces of the liver. The results of three investigations show
that in those cases with advanced schistosomiasis, schisto-
some infection was stopped a long time ago, but the dis-
ease still insidiously developed. This is a problem China is
facing for schistosomiasis control in the post-transmission
period and so surveillance and suitable intervention are
needed in areas where transmission is interrupted. In
addition, further studies on the pathogenesis of post-
transmission schistosomiasis are necessary.
Morbidity in mammals
One outstanding presentation is that different from other
Schistosoma species, many mammals can act as reservoir
hosts of S. japonicum, which increases the complicity of
the epidemiology and control of the disease both tohumans and animal husbandry. Up until now, apart from
humans, a total of 42 species in 28 genera under seven or-
ders of mammals have been found to naturally harbor the
S. japonicum infection in China [28,100,101]. Many inves-
tigations show that in most endemic areas, farm cattle and
buffaloes are the most important sources of the S. japoni-
cum infection and are thus responsible for more of the
transmission, with humans, goats, sheep, and pigs of sec-
ondary importance, and wild mammals contributing little
to the disease transmission [100].
Laboratory studies with artificial infection showed that
the sensitivity to the S. japonicum infection in descending
order among 13 species of the animal reservoir was as fol-
lows: mice, rabbits, dogs, goats, cattle, rhesus monkeys,
guinea pigs, sheep, white rats (Rattus norvegicus albus),
brown rats (R. n. socer), pigs, buffaloes, and horses [102].
Among them, the domestic animals of cattle, pigs, goats,
sheep, and dogs were sensitive to the S. japonicum infec-
tion and the infection causes higher morbidity, while buf-
faloes and horses were not [102]. Many epidemiological
surveys showed that human prevalence and morbidity of
the S. japonicum infection is basically parallel with the do-
mestic animal reservoirs [38-40,55,100]. Numerous farms
raising cattle, sheep, goats, or pigs were closed as most, or
all, of the domestic mammals died in the 1950s and 1960s
in Hunan, Jiangxi, and Anhui provinces, mainly due to
acute or heavy infection of the disease, which resulted in
high economic loss in animal husbandry [31,34,103]. In
marshland and lake regions of the endemic areas in China,
animal reservoirs, mainly domestic mammals, are more
important sources of the infection than humans in terms
of the disease transmission. Relative egg contaminating in-
dices on the marshlands accounted for 70–90% from cat-
tle and buffaloes from the 1970s until the 1990s according
to different field collections, with the index being much
lower from humans [28,34,103]. One large-scale epidemio-
logical and quantitative egg count survey showed that
more than 90% of schistosome eggs in the flood plains
around the Poyang Lake areas were excreted by bovine in-
cluding yellow cattle and water buffaloes around 2001
[104]. Another epidemiological and quantitative egg count
survey on an islet in the Yangtze River in the Anhui Prov-
ince showed that bovine was responsible for the contam-
ination with schistosome eggs in as high as 99.7% of the
cases [105]. In the plain region and hilly region of the en-
demic areas, feces from bovine and wild rats may play a
major role in the contamination of fields with schistosome
eggs, while human feces play a less important role. Infec-
tion status of sources of S. japonicum in the marshland
and lake region and hilly region in the Anhui Province has
been studied recently via fecal collection and parasito-
logical examination. The egg count showed that most of
the eggs (97.9%) were from cattle and buffaloes, while only
2.1% were from humans. In a pilot survey conducted in
Table 2 Prevalence of S. japonicum infection in domestic













Bovine 1,298,966 784,679 6,897 0.88 8,433




162,366 30,005 26 0.09 147
*Based on fecal examination.
**Including horses, donkeys, pigs, dogs etc., and data from two
provinces—Yunnan and Jiangsu—only.
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(99.7%) of the eggs were from wild rats and dogs, and only
0.3% of the eggs were from humans [105]. Another survey
from the mountainous region in the Yunnan Province in
the 1990s showed that the egg contamination rate in the
fields from cattle, humans, and other domestic animals
was 61%, 33%, and 6%, respectively [41].
Data from three large-scale national sampling surveys
on the epidemiology of schistosomiasis carried out in
1989, 1995, and 2004, respectively, showed that the
prevalence of schistosomiasis was on the decline, al-
though still relatively high (see Table 1). The prevalence
of schistosome infection in cattle and buffaloes based on
fecal examination in the three national surveys is pro-
vided with comparative human prevalence from the
same surveys as references [38-40]. As a whole, the
prevalence in bovine is usually higher than in humans. A
nationwide survey conducted in China in 2011 on the
infection of S. japonicum in domestic animals in seven
endemic provinces showed a further significant reduc-
tion. The egg positive rate was 0.88% in bovine, 0.95% in
ovine (sheep and goats), and 0.09% in other domestic
animals including horses, donkeys, pigs, dogs, etc., as
shown in Table 2 [106]. In the five provinces, municipal-
ity, and autonomous region, in areas which had already
reached the criteria of elimination of schistosomiasis be-
tween 1985 and 1997, no infected domestic animals
were found from epidemiological surveillance conducted
since then [34,100,101].
Conclusion
Schistosomiasis was once a big disaster in China and
now it is under effective control. Historical data have
shown that the morbidity was very high with consider-
able mortality. During the periods of those before 1949,Table 1 Prevalence of the S. japonicum infection in
bovine in endemic areas from three nationwide sampling










1989 Cattle 3,203 530 16.55
Buffalo 10,234 1,256 12.27 10.20*
Total 13,437 1,786 13.29
1995 Cattle 3,196 229 7.17
Buffalo 11,347 1,088 9.59 4.89*
Total 14,543 1,317 9.06
2004 Cattle 2,883 106 3.68
Buffalo 6,391 298 4.66 2.51**
Total 9,274 404 4.36
*Based on fecal examination for schistosome eggs.
**Correct positive rate based on serological screening and fecal examination.in the early phase of the national control program in the
1950s up to 1970s, and later on, the prevalence, morbid-
ity and mortality have been changed greatly. Clinical pat-
terns and the images of the infected subjects have been
changed substantially and in large areas now transmis-
sion is interrupted. However, China is still facing the
problems in both the transmission and disease control:
such as to further reduce the prevalence, morbidity and
to interrupt the transmission in still endemic areas, to
treat and rescue symptomatic patients (advanced cases)
both in endemic areas and post-transmission areas, as
well as to control and eliminate important sources of S.
japonicum infection from domestic animal reservoirs
(mainly cattle and buffaloes) are a long-term and hard
task.
Additional file
Additional file 1: Multilingual abstracts in the six official working
languages of the United Nations.
Competing interests
The author declares that he has no competing interests.
Acknowledgements
The author wishes to thank the late Prof. Li Yunhe, Medical College, Suzhou
University, for providing his collection of eggs of Schistosoma japonicum
isolated from the ascient corpse in Mawangdui, Changsha, shown in
Figures 3 and 4 in this paper.
Received: 13 December 2013 Accepted: 11 February 2014
Published: 14 February 2014
References
1. Chen MG, Mott KE: Progress in assessment of morbidity due to
Schistosoma japonicum infection: a review of recent literature. Trop Dis
Bull 1988, 85(6):R1–R45.
2. Chen MG: Schistosoma Japonicum and S. Japonicum-Like Infections:
Epidemiological, Clinical and Pathological Aspects. In Human
Schistosomiasis. Edited by Jordan P. Oxon, UK: C.A.B International;
1993:237–270.
3. Hsu YJ, Fan PC: Schistosomiasis japonica on Taiwan. Chin Med J (Taiwan)
1966, 13(6):128–130.
4. Lin CY, Fan PC, Wu CC: An outbreak of schistosomiasis japonica in
Taiwan. Chin J Microbiol Immunol (Taiwan) 1988, 21(4):243–246.
5. Fan PC: The history of schistosomiasis japonica in Taiwan. Kaohsiung J
Med Sc 2006, 22(7):309–320.
Chen Infectious Diseases of poverty 2014, 3:6 Page 15 of 16
http://www.idpjournal.com/content/3/1/66. Cross JH: Schistosoma japonicum-complex. Southeast Asian J Trop Med Pub
Health 1984, 15(4):523.
7. Xu GY, Chen TM, Li XQ: New discovery: report of a human schistosome
species. Chin J Schisto Contr 2003, 15(2):81–83.
8. Anonymous. Hunan Medical College: Study on an Ancient Female Corpse
Unearthed in Mawangdui, Changsha, Hunan. Beijing: Publishing House for
Cultural Relics; 1979.
9. Wei DX, Yang WY, Huang SQ, Lu YF, Su TC, Ma JH, Hu WX, Xie NF:
Parasitological studies on the ancient corpse of the Western Han
Dynasty unearthed from Tomb No. 188 on Phoenix Hill at Jiangling
County. Acta Wuhan Med Coll 1980, 3:1–6.
10. Chen MG, Feng Z: Schistosomiasis control in China. Parasitol Intern 1999,
48(1):11–19.
11. Mao SP, Shao BR: Schistosomiasis control in the People’s Republic of
China. Am J Trop Med Hyg 1982, 31(1):92–99.
12. Wu K, Hsu HPH: Schistosomiasis in China I. Introduction. Nat Med J China
1941, 27(8):475–482.
13. Mao SB: Recent progress in the control of schistosomiasis in China.
Chin Med J 1986, 99(6):439–443.
14. Logan OT: A case of dysentery in Hunan Province caused by the
trematode Schistosoma japonicum 1905. China Med Missionary J 1905,
19(3):243–245.
15. Totell GT: A preliminary survey of schistosomiasis infection in the region
of Changteh. China Med J 1924, 38:270–274.
16. Faust EC, Meleney HE: Studies on schistosomiasis japonica. Am J Hyg
Monographic 1924, 3:147–173.
17. Kan HC, Yao YT: Some notes on the anti-schistosomiasis japonica
campaign in Chih-Huai-Pan, Kaihua, Chekiang. Chin Med J 1934,
48(4):323–336.
18. Tang CC: Schistosomiasis japonica in Fukien. Chin Med J 1936,
50:1585–1590.
19. Yao YT: Studies on the investigation of schistosomiasis japonica in
Yixing, Taihu Lake endemic areas. Chin Med J 1936, 50:1667–1669.
20. Chu CF: Schistosomiasis japonica in Nanking. Chin Med J 1937,
52:651–664.
21. Hsu HPH, Wu K: Schistoaomiasis in China II. Distribution. Nat Med J China
1941, 27(9):553–564.
22. Hsu HPH, Wu K: Schistosomiasis in China VI. Definitive hosts. Nat Med J
China 1942, 28(2):58–61.
23. Mao CP: A review of the epidemiology of schistosomiasis japonica in
China [J]. Am J Trop Med 1948, 28(5):659–672.
24. Mao SB, Shi ZJ, Wang J, Zhao XL: Abstracts of Chinese Literature on Human
Parasitic Diseases. Beijing: People’s Publishing House; 1990.
25. Tanaka H, Tsuji M: From discovery to eradication of schistosomiasis in
Japan:1847–1996. Int J Parasitol 1997, 27(12):1465–1480.
26. Jordan P: From Katayama to the Dakhla Oasis: the beginning of
epidemiology and control of bilharzias. Acta Trop 2000, 77(1):9–40.
27. Jordan P, Webbe G, Sturrock RF: Human Schistosomiasis. Oxon, UK: C.A.B
International; 1993.
28. Mao SB: Schistosome Biology and Control of Schistosomiasis. Beijing: People’s
Medical Publishing House; 1990.
29. Chen MG: Progress in schistosomiasis control in China. Chin Med J 1999,
112(10):930–933.
30. Chen MG: Progress and problems in schistosomiasis control in China.
Trop Med Parasitol 1989, 40(2):174–176.
31. Zheng G: Schistosomiasis, Historical Experiences in Preventive Medicine in
China, Vol. 3. Beijing: People’s Medical Publishing House; 1988:239–285.
32. Wei WB: Battle against schistosomiasis. Chin Med J 1960, 80(4):299–304.
33. Anonymous. Editorial Board on the History of Schistosomiasis in Jiaxing
Prefecture, Zhejiang Province: Fighting Against Schistosomiasis, Protecting
Millions of people’s Life. Hongkong: Tianma Publishing Company; 2005.
34. Wang LD: A Historical Perspective on the Control of Schistosomiasis in China.
Beijing: People’s Medical Publishing House; 2006.
35. Chen MG: Historical assessment of morbidity due to schistosomiasis.
J Jiangsu Univ (Med ed) 2012, 22(3):185–192.
36. Zheng H, Zhang LJ, Zhu R, Xu J, Li SZ, Guo JG, Xiao N, Zhou XN:
Schistosomiasis situation in the People’s Republic of China in 2011. Chin
J Schisto Contr 2012, 24(6):621–626.
37. Anonymous. Office for Endemic Disease Control, Ministry of Health: National
Criteria for Control and Elimination of Schistosomiasis in China. Beijing: China
Publishing House for Criteria, a monograph; 1996.38. Anonymous. Department of Endemic Disease Control, Ministry of Health:
Epidemiological Status of Schistosomiasis in China – Results from a
Nation-Wide Sampling Survey in 1989. Chengdu: Publishing House of
Chengdu University for Sciences and Technology; 1993.
39. Anonymous. Office for Endemic Disease Control, Ministry of Health, Expert
Advisory Committee, MOH, Institute of Parasitic Diseases, China CDC:
Epidemic Status of Schistosomiasis in China – Results from a Nation-Wide
Sampling Survey in 1995. Nanjing: Nanjing University Press; 1998.
40. Anonymous. Bureau of Diseases Prevention and Control, Ministry of Health,
Chinese Centre for Diseases Prevention and Control, National Institute of
Parasitic Diseases, China CDC: Epidemic Status of Schistosomiasis in
China – Results from a Nation-Wide Sampling Survey in 2004. Shanghai:
Shanghai Publishing House for Sciences and Technology; 2006.
41. Yu SH, Zhou XN: Annals of Institute of Parasitic Diseases, Chinese Centre for
Diseases Control and Prevention. Shanghai: Shanghai Publishing House for
Sciences and Technology; 2014.
42. Jia TW, Zhou XN, Wang XH, Utzinger J, Steinmann P, Wu XH: Assessment of
the age-specific disability weight of chronic schistosomiasis japonica.
Bull World Health Organ 2007, 85(6):458–465.
43. Jia TW, Utzinger J, Deng Y, Yang K, Li YY, Zhu JH, King CH, Zhou XN:
Quantifying quality of life and disability of patients with advanced
schistosomiasis. PloS Negl Trop Dis 2011, 5(2):e966.
44. Jia TW, Sun LP, Hong QB, Zhang GH, Wang H, Yi P, Guo JG, Zhou XN:
Burden of disease in schistosomiasis japonica. I. Calculation and
evaluation of years lived with disability of choronic schistosomiasis.
Chin J Schisto Contr 2011, 23(3):243–248.
45. Lu JH, Chen QC, Chen Z: Annals of Schistosomiasis on Xinmin Swamp.
Nanjing: Nanjing University Press; 1990.
46. Fang TQ: An investigation on the acute infection of Schistosoma
japonicum in 1983 in Hubei Province. Chin J Prev Med 1985, 19(4):543–545.
47. Qin SJ, Huang JZ, Tong C: An investigation and analysis on acute
schistosomiasis in Zhoujia hill area, suburb of Nanjing City. Chin J Schisto
Contr 1991, 3(3):181–183.
48. Wu XH, Chen MG: Clinical Presentations. In Schistosomiasis in Asia, 47–76.
Edited by Chen MG, Zhou XN, Hirayama K. Chiba: AAA Committee,
Federation of Asian Parasitologist; 2005.
49. Lei ZL, Zheng H, Zhang LJ, Zhu R, Guo JG, Li SZ, Wang LY, Chen Z, Zhou
XN: Schistosomiasis status in People’s Republic of China in 2010.
Chin J Schisto Contr 2011, 23(6):599–604.
50. Chen JL: Schistosomiasis Dwarfism. In Clinical Endocrinology. Edited by
Kuang AK. Shanghai: Shanghai Publishing House for Sciences and
Technology; 1978:371–378.
51. Chen MC, Wang SC, Chang PY, Chuang CY, Chen YJ, Tang YC, Chou SC:
Granulomatous disease of the large intestine secondary to schistosome
infection. A study of 229 cases. Chin Med J 1978, 91(3):371–378.
52. Chen MG: Relative distribution of Schistosoma japonicum eggs in the
intestine of man: a subject of inconsistency. Acta Trop 1991,
48(3):163–171.
53. Hao WG, Wang XM, Yi WQ, Gao YP: Analysis of localities of pathological
lesions in 498 patients with schistosomiasis. Chin J Schisto Contr 2013,
25(4):428–432.
54. Mao SP, He YX, Yang YQ, Chen MG, Yan ZZ, Fu S, Tan HQ, Zhang R:
Schistosome and Schistosomiasis. In Chinese Medical Encyclopaedia,
Parasitology and Parasitic Diseases. Edited by Wu ZJ, Mao SP. Shanghai:
Shanghai Publishing House for Sciences and Technology; 1984:43–55.
55. Anonymous. National Schistosomiasis Research Committee: Summaries of
Research on Schistosomiasis in China Between 1961 and 1979. Wuxi: People’s
Printing House; 1985.
56. Faust EC: Inquiry into extopic lesions in schistosomiasis. Am J Trop Med
1948, 28:175–199.
57. Chang YC, Chu CC, Fan WK: Cerebral schistosomiasis: an observation of
forty-five cases. Chin Med J 1957, 75(11):892–907.
58. Wu LS: Cerebral schistosomiasis. Chin J Neurol Psychiatry 1983, 16(1):5–7.
59. Wang P, Wu MC, Chen SJ, Yang Y, Lu XJ: Surgical treatment of 42 patients
with cerebral schistosomiasis caused by Schistosoma japonicum. Chin J
Schisto Contr 2013, 25(4):379–382.
60. Chen MG, Mott KE: Progress in assessment of morbidity due to
Schistosoma mansoni infection a review of recent literature. Trop Dis Bull
1988, 85(10):R1–R56.
61. Chen MG, Fu S, Yang JS, Wang JS, Wang MJ, Zhu PJ, Cheng AG, Wang JP,
Tao CG, Liu BL, Shen SB: Analysis of 62 cases of acute schistosomiasis
Chen Infectious Diseases of poverty 2014, 3:6 Page 16 of 16
http://www.idpjournal.com/content/3/1/6japonica treated with praziquantel or amoscanate. Acta Acad Med Sin
1981, 3(suppl):52–55.
62. Wang KC: Adult worms of Asiatic Schistosoma in lung of acute
schistosomiasis case. Chin Med J 1962, 81(6):398–402.
63. Xu RG, Yang YQ: Acute schistosomiasis associated with egg deposit in
the stomach and adult worms in the lung at autopsy – a case report.
Chin J Pathol 1964, 8(1):11–13.
64. Yu BR, Xiao X, Zhuang WH, Zhang RY, Yang GY: Postmortem pathological
observation on two cases with acute schistosomiasis. Acta Jiangxi Med
Coll 1986, 26(2):13–17.
65. Zheng JS, Fu FY, Yu SZ, Lu GH, Chen WQ, Lu SC: Chronic cor pulmonale
due to Schistosoma japonicum infection. Chin Med J 1981, 94:529–534.
66. Hu YG, Yin JT: Schistosomiasis and pulmonary lesions: report of two
necropsy cases. National Med J China 1983, 63:682.
67. Zhao ES: Cancer of the colon and schistosomiasis. J Roy Soc Med 1981,
74:645.
68. Liu BQ, Rong ZP, Sun XT, Wu YP, Guo RQ: Geographical correlation
between colorectal cancer and schistosomiasis in China. Acta Acad Med
Sin 1983, 5:173–177.
69. Chen MC, Chang PY, Chuang CY, Chen YJ, Wang FP, Tang YC, Chou SC:
Colorectal cancer and schistosomiasis. Lancet 1981, i:971–973.
70. Lin DD, Zhang SJ, Liu ZD, Wu GH, Su LH: Correlativity Study on Geographical
Distribution Between Patients with Schistosomiasis and Colorectal Cancer in
Jiangxi Province, Office for Endemic Diseases Control, Ministry of Health ed.
Compilation for Scientific Information of Schistosomiasis Research in China
1991–1995. Nanjing: Nanjing University Press; 1998.
71. Qiu DC, Hubbard AE, Zhong B, Zhang Y, Spear RC: A matched,
case–control study of the association between Schistosoma japonicum
and liver and colon cancer in rural China. Ann Trop Med Parasitol 2005,
99(1):47–52.
72. Xu Z, Su DL: Schistosoma japonicum and colorectal cancer: an
epidemiological study in the People’s Republic of China. Intern J Cancer
1984, 34(3):315–318.
73. Guo ZR, Ni YC, Wu JL: Epidemiological study on relationship between
schistosomiasis and colorectal cancer. Jiangsu Med J 1984, 4:209.
74. Guo ZR, Lu QX, Wu SW, Xu J, Yang ML, Wang DW, Wang BY, Zhou TY, Liu
XM: Schistosomiasis factor in the formation of colorectal cancer. Jiangsu
Med J 1985, 12:679–680.
75. Anonymus: Schistosomes, liver flukes and Helicobacter pylori. IARC Monogr
Eval Carcinog Risks Hum 1994, 61:1–241.
76. Chen MC, Chuang CY, Chang PY, Hu JC: Evolution of colorectal cancer in
schistosomiasis. Transitional mucosal changes adjacent to large
intestinal carcinoma in colectomy specimens. Cancer 1980, 46:1661–1675.
77. Chen SC: Carcinoma of the large bowel. Chin J Pathol 1986, 15(1):69–70.
78. Fan XL, Cheng HJ: Discussion on the relationship between
schistosomiasis and colorectal cancer – histopathological analysis of
285 cases. Chin J Schisto Contr 1992, 4(1):62.
79. Anonymous. National Cooperative Research Group on Pathology and
Prognosis of Colorectal Cancer: Schistosomiasis and its prognostic
significance in patients with colorectal cancer. Chin J Oncol 1986,
8(2):149–151.
80. Zheng S: Further discussion on the relationship between schistosomiasis
and cancer of the large intestine. J Pract Oncol 1992, 7(1):1–3.
81. Peng YZ, Jia H, Zhang RL, Deng B: Molecular etiology of rectal cancer in
patients with schistosomiasis japonica. China Trop Med 2003, 3(2):137–140.
82. Cai SR, Zheng S, Zhang SZ: Studies on carcinogenetic risks for human
colorectal cancer in China. J Pract Oncol 2003, 18(1):68–70.
83. Xuan XL: Studies on relationship between schistosomiasis and colorectal
cancer. Chin J Intern Med 1982, 21:416–418.
84. Zhang SQ, Zhu SX, Wu JM: Screening and prevention of colorectal cancer
in Haining County. Chin Med J 1980, 93:843–848.
85. Huang SD, Li Y: On the relationship between liver cancer and parasitic
infection and its molecular mechanism. Chin J Schisto Contr 2009,
21(2):158–160.
86. Mott KE: Possible relationship of Schistosoma infection and liver
carcinoma. Trans Roy Soc Trop Med Hyg 1978, 72:552–553.
87. Guo ZR, Lu QX: A case–control study on the relationship between
schistosomiasis japonica and liver cancer. Chin J Parasitol Parasitic Dis
1987, 5(3):220–223.88. Kamo E, Ebato TA: A clinical analysis of primary carcinoma of the liver in
relation with schistosomiasis japonica. J Yamanashi Med Ass 1982,
9(1):23–27.
89. Anonymous. Bureau of Endemic Disease Control, Ministry of Health:
Summaries of Research on Schistosomiasis in China Between 1996 and 2000.
Shanghai: Shanghai Publishing House for Sciences and Technology; 2001.
90. Nakashima T, Okuda K, Kojiro M, Sakamoto K, Kubo Y, Shimokawa Y:
Primary liver cancer coincident with schistosomiasis japonica. A study of
24 necropsies. Cancer 1975, 36:1483–1489.
91. Miyasato M: Experimental study of the influence of Schistosoma
japonicum infection on carcinogenesis of mouse liver treated with
N-2-fluorenylacetamide (2-FAA). Jap J Parssitol 1984, 33:41–48.
92. Mott KE: S. Japonicum and S. Japonicum-Like Infection. In Schistosomiasis.
Epidemiology, Treatment and Control. Edited by Jorden P, Webbe G. London:
William Heinemann Medical Book Ltd; 1982:128–149.
93. Gibodat M, Bergquist NR: Post-transmissioin schistosomiasis. Parasitol
Today 1999, 15(8):307–308.
94. Gibodat M, Bergquist NR: Post-transmissioin schistosomiasis: a new
agenda. Acta Trop 2000, 77(1):3–7.
95. Wang RB, Gu XN, Chen LY, Lin DD, Chen MG, Zhou XN, Zheng G: Survey of
treatment and medical assistance for patients with advanced
schistosomiasis in China. China Trop Med 2010, 10(8):634–636.
96. Yin AH, Hua HY, Sun GX, Xu MG, Zhou WN, Zhu WC, Feng JY, You L, Tang F,
Liang YS: Survey on newly developed advanced schistosomiasis cases in
schistosome transmission-interrupted areas. Chin J Schisto Contr 2013,
25(5):477–480. 484.
97. Fang YM, Tang YN, Wang YB, Ding WX: Investigation on newly discovered
advanced schistosomiasis cases in schistosome transmission-interrupted
areas. Chin J Schisto Contr 2012, 24(4):419–434.
98. Wu WL, Wang YY, Xu XF, Yang YP, Shao PY, Zhang CY: Fourteenth
follow-up on advanced schistosomiasis in Jiaxing City. Chin J Schisto
Contr 2004, 16(4):305–306.
99. Wu WL, Wang JR, Wen LY, Huang YY, Xu XF, Yu WM: Surveillance and
control of post-transmission schistosomiasis in Jiaxing Prefecture,
Zhejiang Province, China. Acta Trop 2005, 96(2/3):282–287.
100. Li JY, Lin DD: Epidemiology and control of schistosomiasis japonica in
domestic animals in China. J Trop Dis Parasitol 2007, 5(2):125–128. 90.
101. Tang LH, Xu LQ, Chen YD, ed: Parasitic Desease Control and Research in
China. Beijing: Publishing House for Sciences and Technology;
2012:265–356.
102. He YX, Yang HZ, Mao SP: Experimental studies on the host specificity of
Schistosoma japonicum I. developmental rate, distribution and survival of
the worms in mammalian hosts. Chin Med J 1960, 46(6):470–475.
103. Wang XY: Schistosomiasis in Domestic Animals. Shanghai: Shanghai
Publishing House for Sciences and Technology; 1959.
104. Guo JG, Ross AGP, Lin DD, Williams GM, Chen HG, Li YS, Davis GM, Feng Z,
McManus DP, Sleigh AC: A baseline study on the importance of bovines
for human Schistosoma japonicum infection around Poyang Lake, China.
Am J Trop Med Hyg 2001, 65(4):272–278.
105. Liu XP, Wang TP, Wang QZ, Yin XM, Zhou L, Wang FF, Wang Y, Fang GR:
Infection status of sources of schistosomiasis japonica in marshland and
hilly regions. J Pathogen Biol 2013, 8(5):445–447.
106. Liu JM, Song JX, Ma SC, Zhu CX, He L, Zhou Y, Liu YP, Yang AG, Dong GD,
Wang YL, Chi LJ, Shi YJ, Li H, Jin YM, Lin JJ: Endemic situation of domestic
animal schistosomiasis in 2011 in China. Chin J Animal Infect Dis 2012,
20(5):50–54.
doi:10.1186/2049-9957-3-6
Cite this article as: Chen: Assessment of morbidity due to Schistosoma
japonicum infection in China. Infectious Diseases of poverty 2014 3:6.
